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Determination of plasma cotinine concentration 
is the predominant assay employed to auantig' 
smoking and exposure to environmental tobacco 
smoke in epidemiological studies. However, coti- 
nine is biotransformed into secondary metabolites. 
This pilot study detemuned plasma concentrations 
of cotinine, cotinine glucuronide, 3-hydroxycQti- 
nine, and 3-hydroxycotinine glucuronide. Total co- 
tinine concentration was determined by summation 
of all four metabolites. The goa^ of this study were 
(1) to explore the stability and validity of total co¬ 
tinine concentration as a measnre of tobacco smok¬ 
ing and as a measure of exposure to environmental 
tobacco smoke in nonsmokers, (2) to explore the 
stability of plasma concentrations of each of the 
four nicotine metabolites in smokers by performing 
a.m. and p.m, measures, and (3) to explore the 
stability of indices of glucuronidation as measures 
of possible markers for enzymatic activity. The sub¬ 
ject sample included 76 white volunteers (32% 
smokers and 68% nonsmokers). Plasma total coti¬ 
nine concentration appeared to be very stable, sug¬ 
gesting that total cotinine concentration may be a 
good measnre for epidemiological studies employ¬ 
ing a sii^e plasma sample. Moreover, plasma total 
cotinine concentration also reflected exposure to 
environmental tobacco smoke more accurately than 
did plasma cotinine concentration, which would 
have not identified 27% of passive smokers. 

S-Hydroxycotinine glucuronide and 3-hydroxy- 
cotinine plasma concentrations were almost as 
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stable as cotinine concentrations. However, coti¬ 
nine glucuronide and its indices of glucuronida- 
tion were unstable, suggesting that cotinine glu- 
curonide undergoes in vivo deconingation. New 
studies of total cotinine in plasma using more than 
two blood collections during the day are needed to 
definitively establish that it is a stable biomarker 
for epidemiological studies. (J Clin Psychophar- 
macol 2002;22:496-501) 

C otinine (COT) is the major metabolite of nicotine, 
with a relatively long plasma half-life of about 17 
hours.* Plasma COT concentration is the most widely 
used measure for quantifying tobacco smoke exposure in 
clinical and epidemiological studies. Smokers generally 
have plasma cotinine levels greater than 15 ng/'mL (85 
nmoI/L), while heavy smokers (> 25 dgarettes/day) usu¬ 
ally have levels higher than 300 ngtoL (1704 nmol/L).^ 
COT is farther metabolized to cotinine glucuronide 
(COTG) andto trans-3'-liydro3Qrcotinine (HCOT), which 
can also undergo glucuronidation. The sum of these four 
metabolites—COT, COTG, HCOX._.aii(i 3-hvdro xvcotl- 
ni ne glucmonide (HCOTG)- 

^Bcm3y7srsm]3§^n3'efflcient analytic method was de-' 
veloped for the quantification of COT, COTG, HCOT and 
HCOTG,® allowing determination of plasma total cotinine 
(total COT) as a measure of tobacco smoke ejqaosure. 
Previously, ttiere was a successful attempt to measure 
urine concentration of these four metabolites. * However, 
the widespread measme of urinary metabolite concen¬ 
trations in large studies is seriously limited by the neces¬ 
sity to collect urine samples ftom test subjects over the 
course of several hours. 
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Epideinioldgieai studies mainly employ one biological 
measiireMtient, usually a smgle blood sample. In this re- 
specl:, there are linrited data on plasma levels of HCOT‘ 
and no data on €OTG mtci liCOTG. HCOTG may be a 
more relialsle and more stable mejisure tlnm CCTT tor as¬ 
sessing tobacco smoke exposure. COT is coryugated by 
N-glucuronidatioii, and HCXIT is coiviugtitecl by O- 
glucurankiaticm. Interestingly, black people have slower 
cotinine meiabolLsm lium while people, possible due to 
differences in gliicuroiiidation of HCOI’.' 

Plasma cotinine coacentratlon is the most widely 
used and validated bioniarker fcir emironmental to¬ 
bacco smoke ( ETS)^ or secondhand smoke anti reflects 
exposure to nicotine largely from the previous 1 to 2 
daj's. Plasma cotiulue levels lower than 15 ngtoiL (85 
mnol/L) are considered suggestive of exposiu’e to ETS 
in the ;il>seiic€! of smokiitg.'’ However, there tire iiidivlcl- 
iial dil'l'erences in rattw and patterns of nicotine and 
COT metalroli.sm, and depending on the time of plasma 
collection follo^vmg exposure to ETS, cotinine may 
have betm metabolized to other secondary metabolites 
and thus may be undetectable in plasma. 

The pr > leni Hot; - ady is Ihe first to dete I'mme pkis- 
Tnfic'''i: i : i: ■ ‘ nir nicoGuo metabolites—COT, 

COTG, . .1 I h '”G—in snv'I ■ i = -'inorismok- 

i rs, pl.-Liriy 'LOinfcjtti eden .jEitRined ly, 'SttniWhig- 

'' I I “jit Ofci; r' I A-j ■■ 1^ ■' ■ ijZ and associates^ 

tire investigated as |K)s.sible measures of enzyma..*c ac¬ 
tivity. Ihe goals of this study are (1) to explore die va¬ 
lidity of plasma tottiJ COT concentration as a measure 
of tobacco smoke exposure in smokers and as a mea¬ 
sure of ETS exposure in nonsmokers, (2) to explore the 
stability of each of the four metabolites in smokers by 
performing mi a.m. sind a p.ra. plasma nie.'isure, and (3) 
to explore the stability of indices of glucuroiiidation as 
possible biomai’kers of enzymatic activity. 

Methods 

Sample 

Subjects signed a consent form approved by two In¬ 
stitutional Review Boards suid submitted to two blood 
collectiotrs; am. (7:30-0:30 a,iu.) find p.m. (2;d0-=t;00 
p.m.). The 76 impaid white subjects included staff work¬ 
ing at a psycliiatrlc hospital, their hurJly members, and 
volunteers from the community. Seventy' percent (53/ 
76) of tile subjects were females. Smokem accounted 
for 32% (24/76) and nonsmokers for dSSi (52/76). Non- 
sniokem included 60% (36/52) who liad never smoked 
and 31% (L6/53) wlio had quit smoking, Sixty-seven per¬ 
cent of iionsmokers (35.752) were female. The resiiective 
mean ± SD (range) for age in nonsiiiokers and smokers 


was 42 ± 11 (23-63) years and 44 ± 10 (22-62) years. 
The Fagex'strom Test tor Nicotine Dependence w'as 
used to measure rucotine dependence. 

The accuracy of the seU'-reporl; on nonsmoking wtis 
supported by the subject's background, our personal 
knowledge of stibjecis, and tlie lack of compensation, 
suggesting altruistic motives. Piu-thermore, an indepen¬ 
dent measiue of recent smotdng stattis, Le., carbon 
inDiioxide (CO) in expired air, was obtained at die time of 
coilectioii of die a nt and p.nt samples. The subjects were 
informed of tlie mejming of the CO measurement. None of 
the noiismokers had CO v'liiues suggestive of recent 
smoking (all CO results were lower thtni 10 psuls per mil- 
Uon, the .standard cut-off point for nonsmokers).* Respec- 
dve mean ± SD auL and p.m. CO values for smokers were 
26.8 ± 17.0 and 23,0 ± 16.8 parts per million. Two addi¬ 
tional atypical nonsiuokei's are described tis anecdotal 
CcSies to further establish die validity of this new' method. 

Plasana m-codne meUiboUle concmirations 

Plasma concentrations of COT, COTG, HCOT, and 
HCOTG wpre determined using a recently de.seribed 
high-perfurmanoe liquid cliroinutographic method.* Giu- 
curonide corrugates W'ere deteniiiiied iiidirectiy: initial 
basic Itydroiysis of the analyte sampie w'as followed by 
TiHiintifleation of increase in the resulting decoiyiigation 
ijoducts. The ciiu-uitifieatioii limits were as foliow's: 
COT, 10 ngdnl, (57 miiol/I,); COTG, 10 ngtoiL (27 mnol/ 
L); HOOT, h) ngW., (32 nmoldj); and HCOTG, 20 ng-'mL 
(S^l nmol-'L). The sum of the molar coiicerLtrations of the 
above four melabolite.s represents the total COT’ con¬ 
centration in plasma. P'ollovviiig Benovvitz and associ¬ 
ates,‘ two indices of glucuronidat ion were explored for 
each of die metabolites COT mid HCOT. These indices 
will be refeixed to as Ij to (Tj = COTG/fCOTG -b COT); 
L, = COTG/COT; I, - KCOTG/fHCOTG f- HCOT); = 
HCOTG.TICOT). TTieretore, i, mid L, .are measures of glii- 
curonidation of COT, and 1,^ and Ij lu’e measiu'es of glu- 
aironidation of HOOT. 

StiUL^tics 

Statistical analy=ses w^ere performed to explore the 
plasma stability of total COT’ concentration, tlie concen¬ 
tration of eacti of the four mecaliolites, and indices of 
ghicuroiii dation. Determination of tlie staliEity of COT is 
hnportanl because most epidemiologiefd studies utilize 
only one plasma CCiT measiu'e and assume relative sta- 
liility throughout the day. Similarly, it is important to de- 
tcmiitie the sfaliility of COTG, HCOT, and HG(.1TG eoii- 
ceiitratioiis hi plasma so that measurements at one time 
point during the day can be used as a tme estimat e of 
their levels over tiic day. The stabiLty of a particular 
plasma concentration was analyzed utilizing tivo ap¬ 
proaches: (1) determining the stability of the mean of the 
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concentration in the population, and (2) determining the 
monotonic stability of the concentration. The first ap¬ 
proach examined whether the mean value of the con¬ 
centration in the morning sample was equal to the mean 
value in the afternoon sample. The second ^proach ex¬ 
amined whether a low (or high) single concentration in 
the morning was associated with a low (or high) con¬ 
centration in the afternoon. These two ^preaches ex¬ 
plore different aspects of the plasma concentration sta¬ 
bility and were also used to explore the stability of the 
glucuronidation indices, which are possible measures of 
enajanatic activity. 

Siaiisiical analysis of stability of means 

if X is the plasma concentration of a COT metabolite, 
the total COT concentration or an index of glucuronida- 
tion, an important question is whether X is stable—that 
is, wheflier X does not vary greatly during the day. To an¬ 
swer this question, two measurements of X, one in the 
morning (X^) and one in the afternoon (X,,„), were ob¬ 
tained. One approach to answer this question is to study 
the instability of the mean of X, symbolized by a and de¬ 
fined as the maximum of the two absolute values 


glX,„) - g[X, J 

E[Xp.J 


and 


E[X^]-E[X^] 


E\X^] 


Ml 


whereX[X^] sDdE\Xpgft denote tlie population mean 
of X^ and respectively. To determine whether this 

approach is useful, consider the overall daily value ofX, 
which is defined by 


p, = X 




and notice that 


Ifi- - E[Xai,]\ - “ >< and 
|p-X[X^]i£aXX(X™]. 

Thus, if a is not much greater than zero, a single mea¬ 
surement is representative of the overall daily value of 
X. The percentage error incurred when esthnating p us¬ 
ing the mean of a single measurement is not greater than 
a X 10096. If a is much greater than zero for a certain 
population, a single measurement per subject cannot be 
utilized to study the overall daily value of X in tliat pop¬ 
ulation, nor can a comparison be made with another 
population. In this report,«is estimated by substituting 
X[X^] and X[Xp^J for am. and p.m. averages from a par¬ 
ticular sample of subjects. Since ct = 0 if, and only if, 
■“ X^] = 0, the null hypothesis of stability of the 
mean ofX is tested by comparing the two averages us¬ 
ing a paired-sample J-test. If the two-tailed p-value re¬ 
vealed by the test is close to zero, the mean of X is sig¬ 


nificantly unstable during the day, and the amount of in¬ 
stability is measured by a. The instability a of the mean 
of the plasma concentration for the four nicotine 
metabolites, the total COT concentration, and tlie four 
indices was estimated using data from 24 smokers. 
Since the value of od could depend on the population on 
which the plasma concentration or index is measured, 
ct was also estimated for subpopulations of smokers de¬ 
termined by gender, age, number of cigarettes smoked 
per day, and niunber of smokers in the household 
(Table 1). PEured-sample J-tests were performed using 
the SPSS statistical package (Chicago, IL) when the dif¬ 
ference Xpjif — Xjitf was normally distributed according 
to Shapiro-Wilk tests and Q-Q plots. When the differ¬ 
ence Xpj, — X^ was not normally distributed, p-values 
were computed by a bootstrap metliod'^ programmed 
with Resampling Stats (Arlington, VA).® Table 1 pro¬ 
vides the values of a in the total sample of smokers and 
various subsamples. Significant results (with footnotes) 
suggest lack of stability of the mean and are interpreted 
as a significant change in the mean of the correspond¬ 
ing population. 

Statistical analysis of monotonic stability 

The monotonic stability of X (a COT metabolite, the 
total COT concentration, or an index of glueuronida- 
tion) is the tendency for small a.m. measurements to be 
associated with small p.m. measurements and for large 
am. measurements to be associated with large p.m. 
measurements. In this study, monotonlc stability was 
assessed by using the Pearson correlation coefficient r 
between Xj^ and Xp^^. The closer r approaches to 0, the 
more X is considered monotonically unstable, whereas 
the closer r approaches to 1, the more X is considered 
stable. Low or moderate values of monotonic stability r 
can be accompanied by some amoimt of instability a. in 
the mean. Moreover, a nonsignificant amount of monot- 
onic stability does not Imply a significant amount of tn- 
stabUily in the mean. If r is very small for a certain pop¬ 
ulation, a single measurement per subject cannot be 
used to investigate tlie possible existence of a subpopu¬ 
lation with a very high (or very low) level of X. p-Values 
for testing the null hypothesis of monotonic Instability 
(r ^ 0) were computed using the resamplingmethod im¬ 
plemented in the Resampling Stats software.® In addi¬ 
tion to coping with small sample sizes, this method has 
the advantage of not assuming a linear relationship be- 
tweenX,y^ and Xpf^ in that r may be interpreted just as a 
measure of monotonic relationship. 

Table 2 provides the monotonic stability r in the total 
sample of smokers and various subsamples. Values are 
interpreted as any correlation; the closer r is to 1, the 
greater the monotonic stability. In Table 2, significant 
results (with footnotes) demonstrate monotonlc stabil- 
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TABLE 1. Lack of stabili^Y of the mean total concentratton of nicotine metabolites in plasma, and gluciironidation Indices for subpopulatlons of 
smokers across the a.in.-p.m. sampling period* 

a X 100%t 



Total COT 

COT 

HCOT 

COTG 

HCOTG 

Index I, 

IndexL 

IndexL 

IndexL 

M 

3 

3 

18 

6e< 

5 

49‘ 

132' 

15 

40’ 

Females 

1 

3 

11 

B9 

7 

61» 

IBS* 

8 

26 

Males 

7 

18 

45 

80 

0.1 

44 

64 

31 

68* 

Age ^ 46 years 

11 

13 

51« 

23 

6 

21 

42 

30 

60* 

Age > 45 years 

7 

5 

4 

227‘ 

2S> 

137‘ 

478 

13 

0.2 

s 20 cigarsttes/day 

4 

10 

148 

174’ 

8 

85* 

296 

17 

58* 

> 20 cigarettes/day 

10 

19t 

24 

25 

2 

28 

52 

13 

23 

No other smokers at home 

4 

2 

7 

76 

6 

49 

202 

1 

0.02 

Other smokers at home 

12 

12 

82’ 

57 

4 

49S 

64* 

30 

77! 


*00?, ootUilnG; COTG, codnlne glucuronlde; HCOT, transfl'-liydiosiycollnlne; HCOTG, Shydtoxyeotinine glueuronlde; Ij, COTG/(COTG + 
COT):];^ COTG/COT;Ia,HCOTG/(HCOTG + HCOT); I,, HCOTG/HCOT; total COT, sum of all four metabolites (COT + HCOT + COTG + HCOTG). 
'a X lOQ'Ki indicates percentage of change from a.m. to p.m. mean concentration valuen 

p-Values are determined by paired-sample t-tests C*a05 < p :S 0.1 border of significance; >0.01 < j) s 0.05; ’p £• 0.01); signiflcant values indi¬ 
cate lack of stability of the mean across the a.m.-p.m. sampling period. 


ity. Significant results in Table 1 indicate lack of mean 
stabilili'. 

fiesults 

PLasrna concentrations and correlations oj 
metabolites in smokers 

The am. and p.m. mean ± SD (range) concentrations 
for COT were 690 ± 362 (0-1272) nmol/L and 672 ± 347 
(0-1173) lunol/L, respectively. The am. and p.m mean 
concentrations for HCOT were 303 ± 174 (0-690) nmoJ/L 
and 257 ± 173 (0-630) nmol/L, respective^. The a.m. and 
p.m. mean concentrations for COTG were 127 ± 148 
(0-474) nmoi/L and 210 ± 226 (0-766) nmol/L, respec¬ 
tively. The am and p.m mean concentrations for HCOTG 
were 195 ± 144 (0^86) nmol/L and 185 ± 146 (0-163) 
nmol/L, respectively. The a.m. and p.m. correlations be¬ 
tween COT and COTG were 0.11 (p = 0.6) and 0.10 (p = 
0.7), respectively. The am andp.m correlations between 


HCOT and HCOTG were 0.12 (p = 0.6) and 0.40 (p = 0.1), 
respectively. The am. and p.m correlations between 
COTG and HCOTG were 0.37 (p = 0.08) and 0.57 (p = 
0.01), respectively. 

Exploration of plasma total cotinine concentration 
in smokers 

The mean of the plasma total COT concentration did 
not exhibit significant instability (Table 1). The a for the 
total sample was 3%, which was not significantly differ¬ 
ent from 0. Similarly, none of the as for any subsample 
was significantly different from 0. When monotonic sta¬ 
bility was studied, the plasma total COT concentration 
was observed to be quite stable in smokers (Table 2). 
The correlation coefficient between a.m andp.m. total 
COT concentration among smokers was r = 0.92 (p < 
0.001). A linear regression analysis of p.m on a,m. total 
COT concentration indicated that the intercept and 
slope of the regression line were not significantly dif- 


Table 2. Monotonic stabilily of total cotfnlne concentration, nicotine metabolites, and glucuronldation indices for subpopulations of smokers 
across the a.m.-p.m. sampling period* 


r 



Total COT 

COT 

HCOT 

COTG 

HCOTG 

Index Ij 

Index Ij 

Index I3 

Index I 

All 

0.92* 

0,83* 

0,57* 

0.56’ 

0.82* 

0.52* 

0-27 

0.68+ 

0.63* 

Females 

0.91* 

0,83* 

0.59* 

0,44 

0.?9* 

0.65’ 

0.27 

0.66+ 

0 : 57 * 

Males 

0.89* 

0.82* 

0.65 

0.77 

0.41 

0.01 

0.20 

0.79 

0.79 

Age s 45 years 

0.92* 

0.8B* 

0,66* 

0.69* 

0.76* 

0.60 

0.67* 

0,48 

0.47 

Age 45 years 

0.94* 

0.83* 

0.55* 

0.72* 

0.92* 

0.72 

0.59 

0.88* 

0.90* 

^ 20 cigarettes/day 

0.95* 

0.82* 

0.58* 

0.70* 

0.91* 

0.57 

0.36 

0.74+ 

0.76’ 

> 20 clgaiettes/d^ 

0.79* 

0.86* 

0,46 

0,56 

0.66 

0.54 

0.60 

0.57 

0.55’ 

No otiier smokers at home 

0.93* 

0.84* 

0.59* 

0.33 

0.80* 

0.46 

0.28 

0.76* 

0.73* 

Other smokers at home 

0.93* 

0.84* 

0-'^’ 

0.73* 

0.85* 

0.70* 

0.72* 

0.E3 

0.64* 


*COT, cotinine; COTG, cotinine glucuronlde; HCOT, trans-S'-hydroxycotinine; HCOTG, 3-hydroxycotiniiie glucuronide; I„ COTG/(COTG -i- 
COT); I^, COTG/COT; I^, HCOTG/(HCOtG -t HcOl); IlCOTG/HCOT; total COT, sura of all four metabolites (COT -h HCOT -t- COTG -t HCOTG). 
>0.01 <p^ 0.06; tp :S 0,01; significant values indicate monotonic stability. 
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ferent from 0 and 1 , respectively, sviggesting that a.m. 
and p.m. total COT concentrations were interchange¬ 
able. The respective mean am. and p.m. total COT con¬ 
centrations in smokers’ plasma were 1213 ± 653 nmol/L 
and 1184 ± 636 nmoI/L, respectively. Since the total 
COT concentration was very stable, the average of the 
a.m. and p.in. total COT concentration was computed 
for each subject The mean of this average (1202 ± 624 
nmoLT) estimates the overall daily value, p,, described 
in the statistical section. 

Only two smokers had average total COT concentra¬ 
tions equal to 0. These individuals had not smoked be¬ 
tween sample collections and reported smoking tlieir 
last cigarette either 20 hours or 5 days before the am. 
sample. The a.nL and p.m. CO values for these smokers 
were also 0 , consistent with alack of recent ejqiosure to 
tobacco smoke. Furtliermore, both subjects had Fager- 
strom Test for Nicotine Dependence scores of 0, sug¬ 
gesting alack of nicotine dependence. 

Subjects smoking more than 20 cigarettes per day 
were compared witii tliose who smoked 20 or fewer per 
day. As e 3 qi 6 cted, the overall daily value of total COT 
concentration from the group smoking more than 20 
cigarettes per day was greater (p = 1608 ± 415 ranol/L) 
than that of tlie other group (p = 981 ± 672 nmol/L). De¬ 
spite small sample sizes, the difference was significant 
{t = 2.1, df - 16.7, one-tailed p-value = 0.03). 

Expkrmticfn of plasma total cotimne concentration 
in nonsmolcers 

The mean ± SD of the subject averages of a.m. and 
p.m. total COT concentration among the nonsmokers 
was 24 ± 60 nmoPL, and the median was 0 nmol/L. Al¬ 
most one third of nonsmokers (29%, 15/62) exhibited an 
a.m. total COT concentration higher than 0. Seventy- 
three percent (1D16) of these subjects were identified 
as having detectable COT levels. Another 27% (4/15) did 
not have detectable COT but liad detectable levels of 
COT metabolites such that their total COT levels indi¬ 
cated passive exposure to tobacco smoke. A remark¬ 
able finding was that a significantly different percentage 
of quitters (44% 7/16) compared to never-smokers (14% 
5/36) had a.m. total COT concentrations higher than 0 
(Fisher exact test two-tailed, p = 0.03). 

Exploration of plasma total cotinine concentration 
in two atypical subjects 

A ofi-year old man who had recently quit smoking and 
was wearing a nicotine patch had a total COT concen¬ 
tration of 2626 nmol/L and had detectable values for all 
four metabolites, A 31-year man who consumed smoke¬ 
less tobacco had undetectable levels of all four metabo¬ 
lites and stated that he had not consumed any tobacco 
for 8 hours prior to testing. 


Stability of the four nicotine metabolites in plasma 

The mean of the COT concentration had low and non¬ 
significant instability a values among most subpopula- 
tions. The subpopulation that smoked more tlian 20 dga- 
rettesper day had ana value on the border of significance, 
suggesting the possibility of a lack of stability for that pop¬ 
ulation; however, a was relatively low (19%) (Table 1). 
Similarly, the rvalues measuring monotonic stability of 
COT in this subpopulation were close to 1. When com¬ 
pared with the total COT concentrations, COT Concen¬ 
trations had similar a values (Table 1) and consistently 
lower r values (eight out of nine) (Table 2), In siunmary, 
both measures of stabili^, a and rvalues, suggested tliat 
plasma total COT concentration is as stable as or even 
more stable than plasma COT concentration. The mean 
HCOTG concentration also revealed a nonsignificant or 
negligible instability a among all subpopulations except 
subjects older than 45 years of age (Table 1). Moreover, 
HCOTG exhibited arelatively high monotonic stability ex¬ 
cept in males and individuals who smoked more than 20 
cigarettes per day (Table 2). HCOT concentration was re¬ 
markably unstable in smokers who lived with other smok¬ 
ers at home (Table 1). When compared to the plasma con¬ 
centrations of the other three metabolites, the mean 
plasma concentration of COTG exhibited significant in¬ 
stability; a was 66 % among all smokers (Table 1). More¬ 
over, COTG exhibited a very high instability among sub¬ 
jects older than 46 years and among those smoking fewer 
than 20 cigarettes per dry (227% and 174% respectively). 
COTG exhibited the smallest monotonic stability among 
all smokers (r ~ 0.56) (Table 2 ). 

StaMUty of glucuronidation indices 

The indices of COT glucuronidation, Ij and exhib¬ 
ited a very poor monotonic stability (Table 2) and sig¬ 
nificant as (Table 1), suggesting lack of stability. The 
glucuromdation of HCOT was explored using two in¬ 
dices. Index I 3 had a values that not reach signifi¬ 
cance, suggesting stability among aU subpopulations 
studied. However, index I 4 was significantly unstable for 
some subpopulations studied (Table 1). Thus, I 3 appears 
preferable to I 4 when measuring HCOT glucuronidation, 
although Ij must be used cautiously as it does not ex¬ 
hibit significant monotonic stability in some subpopula¬ 
tions (Table 2). 

Discussion 

Although the current study is limited by small sample 
size and a lack of subjects from other races, it is the first 
to attempt to measure COTG, HCOTG, and total COT in 
the plasma ofsmokers and nonsmokeis. The small sam¬ 
ple size precludes the possibility of gender analyses; 
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Four Ptasmo McoHue Metabolites 

however, Benowitz and associates^ did not find gender 
differences in glucuronidation of COT and HCOT, 

Cottnine levels had low ct values (< 20%). Using a dif¬ 
ferent method Cdual stable isotope method), COT levels 
had average fluctuations of 30% from peak to trough 
throughout the day.® 

Our key finding is that plasma total COT concentration 
exhibited the lowest instability of ttie mean and the high¬ 
est monotonic stability when compared to its constituent 
metabolites. Thus, plasma total COT concentration may 
be a good biomarker in epidemiological studies using a 
single measurement The consistently higher r value of 
monotonic stabflily (Table 2) suggested that plasma total 
COT might be preferable to plasma COT concentration, 
which has been typically used. Importantly, the plasma 
total COT concentration may reflect passive exposure to 
tobacco smoke better than plasma COT concentration 
alone. If this study had measured only plasma COT con¬ 
centration, 27% of the passive smokers would have 
evaded detection. More expensive and sensitive methods 
(gas chromatogr^hy-mass spectrometry and liquid 
chromatography-atmospheric pressure chemical ioniza¬ 
tion tandem mass spectrometry) would have identified 
more subjects with detectable COT concentrations.* 

Trans-S'-hydroxycotinine levels in plasma appear to 
be rather stable following tobacco smoking, althoi^ 
they may be influenced by intensive passive smoke ex¬ 
posure In the home environment HCOTG plasma con¬ 
centration was almost as stable as plasma COT concen¬ 
tration. It was remarkable that COTG had much lower 
stability compared to the other three metabolites. 

One of the indices of glucuronidafion of HCOT, e.g., I,, 
had good stability, suggesting that it may be worthwhile 
to explore its utility as a measure of polymorphic varia¬ 
tions in the glucuronidation of HCOT. The low stabili^ of 
plasma COTG concentration and its indices of glucuro¬ 
nidation axe worthy of comment Some glucuronides ex¬ 
hibit in vivo lability. Thus, it is possible that COTG may 
undergo in vivo decor\jugationby p-glucuronidase. Con¬ 
sequently, if COTG is susceptible to decoiflugatioii, this 
susceptibility iney explain its lowplasma stability. It is not 
known whether one or two uridme-S'-diphospho-a-D- 
glucuronosyltransferase enzymes are responsible for the 
N-f-giucuronidatlon of COT and the 3'-0-glucuronidation 
of HCOT. In this respect, the results fixim the present study 
as well as from previously published data‘ surest that dif¬ 
ferent glucuronos^transferase enzymes are involved. 
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Conclusions 

The current results suggest that plasma total COT 
may be a useful, stable biomarker for determining ex¬ 
posure to tobacco smoke, including ETS. New studies 
of total COT in plasma using more than two blood col¬ 
lections during the day are needed to establish defini¬ 
tively that this measure is a stable biomarker for epi¬ 
demiological studies. 
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